Xpert® CT/NG, a rapid automated real-time PCR assay, includes a Specimen Adequacy Control (SAC). A secondary use of the SAC cycle threshold values may be as a marker for inflammation.
Introduction
Sexually transmitted infections (STIs) of Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) continue to place an immense health burden on women worldwide. CT and detection and differentiation of DNA from N. gonorrhoeae and C. trachomatis. The assay is contained in a cartridge that is run on the GeneXpert platform, which can be used with cartridges aimed at diagnosis of other infections. Xpert® CT/NG assay, which has received clearance by the Food and Drug Administration (FDA), has both high sensitivity and specificity [7] . The Xpert® CT/NG assay amplifies one unique chromosomal gene target (CT1) for the detection of C. trachomatis, and two unique chromosomal gene targets (NG2 and NG4) for detection of N. gonorrhoeae. Both NG targets need to be positive for the Xpert® CT/NG assay to return a positive NG result. The amplification of those targets is indicated by a pathogen-specific cycle threshold (C t ) value for each target. The pathogen-specific C t values in the GeneXpert platform have been explored as a measure of bacterial load in some of the other assays manufactured by GeneXpert, including that for MRSA and tuberculosis [8] [9] [10] .
A failure detection mode included in the assay is the Sample Adequacy Control (SAC), which targets a single copy human gene that should be present in each specimen. The SAC controls for false negative results where no human cells are present by confirming adequate patient sample has been collected and appropriate testing conditions have occurred. In the Xpert® CT/NG assay, the SAC is quantified by its C t , the number of cycles required to detect the presence of 1 human gene target, hydroxymethylbilane synthase (HMBS). A lower SAC C t value indicates an earlier cycle detection threshold and more human cellular target in the specimen. Our objective was to describe the frequency and distribution of SAC cycle threshold values and observe any correlations with detected infections.
Materials and Methods
We performed a secondary analysis of data collected as part of the 040 study [11] . The study enrolled mothers and infants from Brazil, South Africa, Argentina and the United States to evaluate the efficacy of three different antiretroviral regimens to neonates in the prevention of intrapartum mother-to-child transmission of Human Immunodeficiency Virus (HIV).
Patient population
The study population in this analysis consisted of HIV-1-infected pregnant women, who had not received antiretroviral treatment before the onset labor because of late presentation for medical care. Mothers and infants were enrolled in the 040 parent study within 48 hours of the infant's birth. Infants were followed for the first 6 months of life to determine whether mother-to-child transmission of HIV occurred.
Specimen collection
Stored maternal urine samples collected at the time of labor/ delivery or within 48 hours of giving birth were tested for the presence of CT and NG using the Xpert® CT/NG assay. The assay was performed on the Cepheid GeneXpert Instrument System which automate and integrate sample purification, nucleic acid amplification, and detection of the target sequences in samples using real-time PCR assays. Single-use disposable cartridges that hold the PCR reagents and host the PCR process were used.
Each self-contained cartridge controls for failure modes through: Sample Processing Control (SPC), a Sample Adequacy Control (SAC), and a Probe Check Control (PCC), included in the cartridge. The SPC is present to control for adequate recovery and amplification of the target bacteria using non-pathogen Bacillus globigii DNA. The SPC verifies that binding and elution of target DNA have occurred if the target organisms are not found to be present in the sample. The SAC reagents detect the presence of the gene encoding HMBS, a single-copy human cellular housekeeping gene, to monitor whether the sample contains human DNA. A negative SAC indicates that inadequate numbers of human cells are present in the sample due to sample degradation, insufficient mixing, or because of an inadequately collected specimen. The PCC verifies reagent rehydration, PCR tube filling in the cartridge, probe integrity, and dye stability. Aliquots (7 mL each) of stored frozen urine from HIV-1-infected mothers were thawed and transferred to a special collection tube and shipped on ice packs for next day delivery to the testing laboratory for evaluation. Xpert® CT/NG results were reported as positive, negative or indeterminate (reading invalid, error or no result). Indeterminate test results were repeated up to twice. Each result included a SAC C t value. In each PCR cycle the target material, HMBS, is doubled. Therefore, a difference in a few number of cycles a substantial difference in the absolute amount of target material present. HIV infection in infants was determined by HIV DNA PCR (Roche Molecular System, Indianapolis, IN) during the conduct of the primary study. Infants with a positive HIV-1 DNA PCR assay underwent repeat testing as soon as possible. Confirmed HIV-1 infection was defined as two positive results from specimens collected on different days. The primary study endpoint for the 040 parent study was HIV-1 infection at 3 months of age. None of the infants enrolled in 040 were breastfed.
Data analysis
Mean SAC C t values and standard deviation (SD) were calculated for each result category. Student's t-test was used to compare SAC C t mean values for infection categories to the SAC C t mean values for urine specimens that were negative for both CT and NG. Where variances for two comparison groups were significantly different using the folded F-statistic, the Satterthwaite variance estimator was used for the t-test. Where there was no evidence for a difference in variances, the pooled variance estimator was used. Analyses were conducted using SAS v9.3 (Cary, NC).
Ethical approval
The UCLA Medical IRB approved the parent clinical trial study and this sub-study. Inclusion in the study was only granted for those women that could provide informed consent. Written informed consent was obtained from all participants in the study which included consent on behalf of the infants from their mothers. The UCLA IRB number is IRB#13-000079 and the study was approved on 3/6/2013 and IRB approval was renewed on
Results
Urine samples from 1406 HIV-1-infected women were tested using the Xpert® CT/NG assay on the GeneXpert platform. Of the 1406 specimens, 47 (3.3%) had indeterminate results. Those samples were rerun up to two times, and 23 of the 47 samples retested gave a valid result. The 24 (1.7%) samples that continued to give indeterminate results were excluded from analysis. Amongst the 1382 samples remaining after exclusion of invalid/error results, results were positive for CT in 248 (17.9%). NG infection was detected in 63 (4.6%) of the samples. Thirtyfive (2.5%) of specimens were positive for both CT and NG.
The mean SAC C t value in urine from women not infected with CT or NG was 28.09 (SD: 4.12), this was used as the reference for bivariate comparisons. This reference cycle threshold value was higher than the mean SAC C t value for CT positive specimens, NG positive specimens and those co-infected with both CT and NG. The SAC C t value of specimens from women infected with CT was 27.29 (SD: 3.84, P=0.0054). For specimens from women infected with NG, the SAC C t value was 26.23 (SD: 3.09, P<0.0001). Amongst the specimens from women co-infected with both CT and NG, the SAC C t value was 26.41 (SD: 3.01, P=0.0027) (Table 1, Figure 1 ).
Specimens from mothers who transmitted HIV infection to their infants had a mean SAC C t value of 27.81 (SD: 4.06). This value was not significantly different from that of specimens obtained from women uninfected with NG and CT who did not transmit HIV to their infants, mean SAC C t value of 28.11 (SD: 4.12, p= 0.4517) ( Table 2) .
Discussion
This study investigated distribution of the SAC C t , a quality control mechanism in the Xpert® CT/NG assay that reports the number of replication cycles required to reach a detection threshold for the control HMBS gene. We found that lower SAC C t values were associated with CT and NG infections in urine samples collected from HIV-1-infected women enrolled in NICHD HPTN 040. Each cycle in the PCR process represents doubling the amount of target DNA, this is a two fold increase each time the C t increases by a value of 1. As each cycle occurs, the amount of DNA will increase exponentially. Therefore a difference in the C t that may seem small is in fact a very substantial difference in the absolute amount of DNA target. This association of lower SAC C t values with CT and NG infections was of statistical significance in this patient population recruited from Brazil, South Africa, Argentina and the United States.
Our findings that SAC C t values in CT and/or NG infected women were lower than those observed in urines of CT and NG uninfected women is suggestive of increased amounts of human cellular material in these urine samples.
Most CT and NG infections are asymptomatic [5] and little is known about the risk of consequences and transmission of asymptomatic infections. The SAC C t may reflect cell turnover, burden of disease and inflammation and therefore should be evaluated clinically with particular focus on the risk for adverse clinical sequelae in asymptomatic patients. The degree to which the SAC C t value correlates with the burden or severity of infection is unknown at this time and may represent a potential area for future research. If the SAC C t value is associated with bacterial burden or inflammatory response to infection, this may have implications for predicting the likelihood for adverse sequelae, perinatal transmission, and adverse birth outcomes associated with genital infections like CT and NG. Longitudinal studies are needed to look at associations between SAC C t values, measures of infection, and clinical outcomes.
This study was subject to some limitations. First, the study population was comprised exclusively of HIV-1-infected pregnant women who were potentially immunocompromised and could have altered inflammatory responses to CT and NG infection, however, most women enrolled in the parent 040 study had asymptomatic HIV infection and CD4 cell counts over 400 cells/mm 3 . Another limitation is that women in labor or recently delivered may have increased human cellular material in urine because labor is associated with a substantial inflammatory P-values were generated using student's t-test comparing SAC C t mean values for infection categories to the SAC C t reference shown. response. Nevertheless, in spite of a recent labor and a potentially immune compromised population, we still found SAC C t values to be significantly associated with NG and CT infection status. Our study was cross sectional and thus had no follow up information for the women or infants, but sets the stage for future such studies.
The association between SAC C t values and detection of lower genital tract infections is promising for use with urine samples, but the performance of the SAC will also need to be evaluated using other commonly collected specimen types like vaginal swabs. While further studies are needed, SAC C t values may show early promise as a marker of clinical diagnosis of genital tract infections such as CT and NG.
